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2 (57) Abstract A method and system to mcasuit misalignment enor between two overlying or interlaced periodic strnctores (13, 
15) air proposed. The overlying or intcriaced periodic stroctures are iUomioated by incident nuliation fiom a light soiiree<10l), and 
Q the difi&actcd radiation of the incident radiation by the overlying or inteiiaced periodic structures ate detected by a detector (123, 
^ 125) to provide an ouipui signal, the misalignment between Ihe overiymg or inteiiaced periodic structures may then be detennined 
^ &om the output signal. 
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PESIODlC PATTERNS AND TECHNIQUE 
TO CONTROL MSSALKSfMESTT 



BACKGROUND OF THE INVENTION 

10 

Hie inventioB relates in general to metrology systems for measuring periodic 
structures such as overiay targets, and, in particular, to a metrology system en^Ioynig 
difiBracted light for detecting misalignment of such structures. 

Overlay eccor measurement requires specially designed maiks to be 
1 5 strategically placed at various locations, nomoally in the scribe line area between dies, 
oii the wafers fixr eadi process. The aHg^entofflie two overlay targets fiom two 
consedOive processes is measmed for a nmnber of locations on flie wafer, a&d the' 
overiay error map aradss the wafa: is analyzed to provide feeffliadc for flie flli etim«nt 
cbntrol of lithogcq^y steppers. 

20 A key process control parameter in the manufiictuiiog of integrated circaits is 

iihe measureme^ of overlay target alignmait between successive layers on a 
semiconductor wtffcr. If the two overlay targets are misaligned relative to each other, 
then ttie clectomic devices fifaricaled will malfunction, and flie semiconductor wafer 
will need to be rewodoed or discarded. 

25 Measiiremait of overlay misregistration between layers is bdng performed 

today with optical microscopy in different variations: bri^itfield, daikfield, confocal^ 
and interfCTance miaoscopy, as desaribed in Levinson, 'Tl^ithogn^ihy Process 
Control," chapter 5. SPB Press VOLTT28, 1999. Ovedaytargete may comprise fine 
structures on top of flic wafo- or etched into flie suffice of the wafer. Ptar exan?>le, 

30 one overlay target may be formed by etching into the wafer, while another adjacent 
overlay target may be a resist layer at a higjier elevation over the wafer. Thetarget 
being used for this purpose is called box-in*Qx ^ere flie outo: box, usually 10 to 30 
pro, represents the position of the bottom layer, while the inner box is smaller and 
r^resents the location of the iqipar layer. An optical microscopic image is grabbed 

35 for fliis target and analyzed with image processmgtedmiciu^ The relative location 
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of the two boxes represents what is called flie oveday inisrpgjstnition, iMrfhe overiay. 
The iBccaiacy of file optical sucioscope is limited by tbe accoiacy of flie line profiles 
in ttie target, by abemtioos in the ilhnnxnadon and imagmg optics and by file ims^c 
san^IiDtg in the <#anieia. Such mefliods are complex and fliey itsquiie fiiU tT"*>c*"g 
5 qrtics: VibmdonisobtiQnisalsoteq^^^ 

Tllese tec^ques suffer fnom a nun^ First, ttie gfabbed tBEgct 

image is hig^y sensitive to die cp&csl quality of flie system, ivUch is never ideal 
The optical quality of the system may produce errors in the calculation of the overlay 
misregistratibn. Second (ytical imaging has a fhndamental Kmt t nn fe^ilirtjon^ which 
iO affects the accuracy of the measurement Third, an c^tical miooscope is a relatively 
bulky Systran. It is difficult to integrate an optical micrbsoope into another system, 
such as die end ofthe track ofalithogr^hic stepper systeoL K is desiroble to develop 
an inqvoved system to overcome these drawbacks. 

SUMMARY OF THE INVENTION 

IS A targ^ for determining misaUgmnent between two layers ofa device has two 

periodic sthicmres of lines and spaces on the two diff^^ l&y&s of a device. The 
two periodic structures overlie or are interlaced witihi eacii odier. Hie layers or 
periodic structures tnay be at the same or different hdghts. In one embodiment, either 
the fi£5t periodic slxucluie or the second periodic structure has at least two sets of 

20 interlaced grating lines having different periods, line widths or duty cycles. The 
invention also lelatBS to a mediod of making overlying or f nt gri ^^^ targ^. 

An advantage of the target is the use of the same difiBraction system and fhe 
same target to measure critical dimension and overlay misregistration. Another 
advantage of the measurement of misregistration of the target is that it is fiee fiom 
25 optical asynoinetries usually associated widi imaging. * 

The invention also relates to a mediod of detecting tiusaligmnoit between two 
lay^ of a device. The ov»lying or interlaced periodic structures are tilwnitiateii by 
incident radiation. The difEracted radiation fiom the overlying or interlaced periodic 
structures is used to provide an output signal b one embodiment a signal is derived 
30 fiom the output dgnaL The misaUgoment b^een die structures ia detomined fiom 

.2- 



wo 02/084213 



PCTAJS02/11(I26 



Oie output dgoal or detived signaL one embodiment tfie aatpnt ia pia| ^ ftft 
dedved signal is conipared wOi a itference agnaL A database tfaat coxxelates flie ^ 
rniisalignincnt wife data lelated to difSacM 

Ah advantage of tiiis meQiod is tiie use of only one incident radiation beaoL 
5 Another advantage of this method is die hi^ sensitivity of zoo-oider and fiist-oider 
difi&acted Eg^ to flie ovcriay misregistratiQn between tbc layers, fa paiticalar, 
pzoperties vAmh ednbited bi^i sensitivity aze intensity, phase and polarization 
piopaties of ^enHxnfar difB:8CtiQn; dififerential intensity between the positive and 
negative fiist-oider difiBsctioi^ dLSerential phase betweea the positive and negative 
10 first-order difl&acdon; and diffirailial pcdarization between the positive and negative 
fiist-order dififoiction. These propotiea also yielded linear grQ>hs when plotted ' 
against the overiay tnisaBgninent. This method can be used to Hptermiti^ 
misalignment on the oider of nanamefeeis. 

In one embodimeit, a neutral polarization angle, defined as an incident 
15 polarization angle w6ere the differential intaisity is equal to zero for all overiay 
misregistrations, is dctennined. The slope of differential intrasity as a function of 
incident polarization angle is hi^y linear when plotted against ihe ov&lky 
misregistration. This linear behavior reduces the number of parameters that need to 
be determined and decreases tile polarization scanning needed. Thus, die method of 
20 detec^g misalignment is fister when using the slope measurement technique. 

Hie invention also relates to an apparatus for detecting misaligmneiit of 
overiying or interlaced periodic stnictures. The apparatus com|xrise8 a source^ at least 
one analyzer, at least one detector, and a signal processor to drtermfae mjaoiigmtii^nt 
of overlying or interlaced periodic stmctuces. 

25 BltlEF DESCRIPTION OF THE DRAWINGS 

Figs, la-lh are cross-sectional views ilhxstratmg basic process steps in 
seiniconductor {)rocessing. 

Fig. 2a is a crossp^ectioriai view oft^o overlying periodic structures. Figs. 2b 
and 2c are top views of flie two ovieriying periodic stroctures of Fig. 2a. 
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Fig. 3 is a top vie# of two overlying periodic stroctoies iltastradng an 
enibbdimetit of fiie ittveotioiL 

Figs, 4a and 4b are Gtoss-sectional views of ovedying or iiiledaced pedodic 
stnictnres iUustiating ofter 

S Fig. Sa and Sb aie cross-sectional views of two intedaced periodic structures 

iSastrating intedaced gratings in an embodiment of Ifae inventioiL 

' Fig. 6 is a cTDss-cedional view of two int^laced pedodic structures iO^^ 
intedaced gratingB in another embodiment of the invoition. 

Figs. 7a and 7b are schematic views ilhistrating negative and positive overlay 
10 shift, lespectivdy. 

Fig. 8 is a schematic view ilfaistiating the difl&action of li^t fitnn a grating 
stnicture; 

r 

I 

'' Fig. 9a is a sdiematic block diagram of an qptical system that mc^sares zero- 
order dilGGnction fioin ovolying or interlaced periodic structures. Fig. 9b is a 
1 5 scheaotic blodc diagram of an integrated system of the optical system of Fig. 9a and a 
dejcKisition instrument. 

Figs 10a and 11a are schematic block diagrams of an optical system dxat 
measures first*order difBcaction fiom a normal incident beam da ovedying or 
interlaced periodic stiuctures. Figs. 10b and lib are schematic block-diagrams of 
20 integrated systems of the c^tical systems of Fig. 10a and lla» respectively, and a 
dq>osition instrament 

Figs. 12a and 12b are grqihical pbts of derived signals fiom zero-order 
diffraction of incident rai&ation onovedying structures. 

Figs. 13-14 and 16-17 are gr^hical plots of derived signals from first-order 
25 ~ difGraction of incidoit radiation on overlying stractures. Fig. 15 is a grEq>hical plot 
illustrating the mean square enor. 
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Figs. 18-19 and 21-22 are grqdncal plots of doived signab fiom zennxider 
diffaction of inddeat radiation on interiaced gratings* Figs. 20 and 23 ate gn^bical 
plots iDustiating die mean square eoor. 

Fig. 24 is a gn^cal plot iUnstrating die detennination of misalignniait fiom 
S a slope near a neutral polarizaiion angle. 

For siniplidty of descrqstion^ identical conqK>neols are labeled by flie same 
iramerals in Ibis application. 

DETAILED DBSaOFnON OF THE EMBODIMENTS . 

Fig. 2a is a cross^ectional view of a target 11 comprising two periodic 
10 structures 13, 15 on two layers 31, 33 of a device 17. The second periodic atnictnie 
IS is overlyiiig or interiaced wifii flie first periodic structore 13. tbe layers and fiie 
pOTodic8tnicturesmaybeatfiie8ame<»rdifiraeothrig|its ThedevicelTcanbeany 
device of wbich the aligiinieiit between two layers, particularly layers bsving small 
features on structures, needs to be determined. Tliese devices are typically 
15 semiconductor devices; tbin fihns for magnetic heads fiir data storage devices sndi as 
tape recorders; and flat panel diqplays. 

As shown in Figs, la-lb, a device 17 is generally formed in a basic series of 
stq)s for each layer. Firs^ as shown in Fig. la, a layer 2 is formed on a 
semiconductor substrate 1. The layer 2 may be finmed by oxidization, ^ffiirinn^ 

20 inq^lantatioo, evaporatioQ, or deposition. Second, as shown in Fig. lb, resist 3 is 
deposited on foe layer 2. third^asdiowninFig. Ic^theiesiatSisselectivdy eq^^ 
to a form of radiation S. This selective exposure is accoirqilished witti an eqiosure 
tool and mask 4, or data tape in electron or ion beam iithognqphy (not shown). 
Fouffo,asahovminFig.ld,theresist3isdevdoped. Hie resist 3 protects foe regions 

25 6offoelayer2foatitcover8. Fiffo,asdiowninFig. le,1beeq)08edi^ 

Iqrer 2 are etdied away. Sixfo, as shown in. Fig. 11^ foe reast 3 is ronovel 
Attonatively, in axiofoer embodiinail, anofoer material 8 can be dq>osited in foe 
spaces 7, as shown in Fig. le,offoe etched layer 2, as shown in Fig. Ig, and foe resist 
3 is removed after foe deposition, as shown in Fig. Ih. This basic series of steps ia 

30 rq>eated for each layer until foe desired device is formed. 
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A fixst layer 31 soA a second layer 33 can be any layer in flie device. 
U^attemed semioondiictDr, metal or didectric layets may be deported or grown on 
top o^imdCTnieafli, or between die first 

The pattern for be fint periodic stnictnie 1 3 is in ttie saime mask as die pattooa 
5 for a first layer 31 of die device, and flie pattern for die seisond periodic structure IS is 
in die same mask as die pattern for a second layer 33 of die j&vice. In one 
embodiment; the first poiodic structure 13 or die second periodic stiuclure IS is die 
etched spaces 7 of the first layer 31 or die second layer 33, respectively, as shown in 
Fig. 1£ In another embodiment, the first periodic stmcture 13 or die second periodic 

10 ^cturt IS is die Imes 2 of die first layer 31 or die second layor 33, respective 
8howntnKg.l£ In anodic embodirnent, die first periodic structure 13 or the second 
periodic stnicfure IS is anodier material 8 deposited in die spaces 7 6f die first layer 
31 or the secodui layer 33, respectively, as shown m Fig. Ih. In y^ atiolher 
embodiment, the second layer 33 is resist, and the setond petiodic structare 15 is 

15 resists gratings, as shown in Fig. Id. 

The first pleriddic structure 13 has die same alignment as die first layer 31,. 
smce die sanie ma^ was used for fhe pattern for the first periodic structure 13 and for 
die pattern for die first layer 31. Sinulady, die second pmodic stmctine 15 has die 
same alignment as die second layer 33. Ihus, any overlay ibisregistratiGAi error in die 
20 alignment between die first layer 31 and die second layer Si wiU be reflected in die 
alignment between the first periodic structure 13 and die second periodic structure 15. 

Fig. 2b and 2c are top views of target 11. In one embodiment, as illustrated in 
Fig. 2a, die first periodic structure 13 has a first selected width CDl, and the second 
periodic structure IS has a second selected widdi CD2. The second sdected widdi 

25 CD2 is less flianthe first selected widdi CDl. The pitch, also called the period or die 
unit cell, ofa periodic structure is die distance after vduchdite Hie 
distance betwe^ die left edge of die first periodic structure 13 and the left edge of die 
second pm odic stmcture 15 is di, and the distance between the rig|xt edge of die first 
periodic structure 13 and die rigjit edge of fhe second periodic structure IS is ds* Iha 

30 prefisrred embodunent, T^dien layers 31, 33 are jnoperiy aligned relative to eadi odio:, 
die second periodic structure 15 is ccntmd over die fimt periodic structure 13. In 
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oAitf WQids, flie see(xid periodic sbucti^ 

periodic stiQctaie 13, the misregis^ la tfiis embodimeot, flie 

ii£ilegj£tratiQnt8i]Uitcatedbydr4 To obtain misieguBtzation in tofli die X ai^ 
duecdGKQS of flie XV coQiffinate system, another taiget 12 conqmsiz^ two periodic 
5 stfttctnres 14. 16 siniilllr to taig^ 11 is placed sabstanttaUy popeadicidarto taig^ 11, 
as shown in Fig. 2a 

The target 11 is particularly desirable for use in photolithogrq>hy, wbm fbQ 
first layefSl is ecqnised to radiation for pattCTingpinposes of a semicondnctor^^ 
atfd the second layer 33 is resist In one embodiment, the first layer 31 is etched 
10 silicon, and the second If^er 33 is resist 

Fijgs. 4a and 4b show alternative embodiments. . In one embodiment. Fig. 4a 
illustrates a fixst periodic stnictnre 13 of oxide having a trq>ezoidal shape on a first 
layer 31 of siUconsubstiale and a second periodic stmctine IS of lesi^ 
layer 33 of resist The fiist layer 31 ofsilicon is etched, and diallowtt^^ 

IS C^TH oxide is deposited in the spaces of the etdieddlicQn, Ihe Imes of STI oxide 
form the first periodic stmctuie 13. An oxide layer 34 and a unifonn polysilicoh layer 
35 are deposited betweai the iSrst layer 31 of silicon and tiie second layer 33 of resist 
the configuration in Rg. 4a shows a line on space configuration, where the second 
periodic structure 15 is placed aligned witti the spaces between the first periodic 

20 structure 13. The invention also encompasses embodiments such as flie line on line 
.configuration, where the Unes in the second periodic stnicture 15 aie placed o^ 
and aligned with the lines in the first periodic stnictm» 13, as shown by flie dotted 
lines in Fig. 4a. 

hi another embodunent. Figure 4b illustrates a first periodic structme 13 of 
is tongstenetdied ma first layer 31 ofoxide and a second periodic stnictu^ 

with a secQi^ layer 33 of resist The first layer 31 and Oe second layer 33 are 
s^arated by an aluminum blanket 37. 

The invention relat^~to amethod"of maknig a targeTlh A first paiodic 
structure 13 is placed over a first layer 31 of a device 17. A second pmodic structure 
30 15 is placed over a second layer 33 ofthe device 17. Thesecondperiodicstracture IS 
is overiying or interlaced widi the firat periodic structure 1 3 . 
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bione einbodimeot, saotber targ^ 12 is placed sdbstaidiaUy peqieodknlar 
tat]^ 11, as shown in Fig. 2a A Ifaiid periodic stxuctnie 14 is plac^ oiver the fiist 
layer 31, and a fyvafb periodic structure 14 is placed ov^ llie second layer 33. The 
third periodic structme 14 is substantially peipen^ 
5 13, atid the foierdi periodic slnicliire 16 is substantiaL^ peipendicular to tite second 
periodic stnxctdre 15. 

An advantage of die target 11 is that the measmemeait of misregislTatiQn of the 
taiget is firee fixnn optical asymmetries usually associated yAfk imaging. Another 
advantage of diis measurement is tfiat it does not require scanning overHit target as it 

10 is done with oflier tedmiques, sudh as in Bareket, US, Patent 6,023,338. Anoflier 
advantage of the taiget 11 is die elimination of a sqiarate difGraction system and a 
diffeient target to measim die critical diinend^ Hie 
critical dimension, or a selected widtti of a periodic structure, is one of many target 
parameters needed to calculate misFeg^strstioiL Using die same difGnoction system 

IS and the same target to measure both die overiay misregistration and the CD is more 
efiSdeot The activity associated widi the CD and that with die misregjistration is 
distinguished by using an eoibodiineait of a taiget as shown in Fig. 3. The second 
periodic structure IS extends findier to an area, the CD region 21, where the first 
periodic structure 13 does not extend. The first sdeoted widdi CDl is measux^ 

20 befinvpladng die second periodic structure IS on the device 17. After filming die 
taiget, die second selected widfliCD2 alone can be measured in die CD xe^m In 
a sqiarate measurement, die misregistration is determined in an overiay region 19 
whoe both die first 13 and second IS periodic sli u ct m cs lie. 

Fig. Sa and Sb are cross-sectional views of an embodiment of a taig^ having 
25 interlaced gratings. The first periodic structure 13 or the second periodic structure 15 
has at least two interlaced giiating lines having different periods, line widdis or duty 
cycles. The first periodic stnicture 13 is pattonedwitii the same toadc as that for t^^ 
first layer 31, and the second periodic stnicture 15 is patterned widi the same mask as 
that for flie^secmd layw 33. Thus, Selfot praodic structure 13 has die wme 
30 alignment as the first layer 31, and die second periodic structure 15 has the same 
alignmCTit as the second layer 33. Any misregistration between die first layer 31 and 
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the second layer 33 is leflected in llie xnisEe^staatioii between flie first penodic 
sthictitte 13 and file second periodic st ni c U tie IS. 

In ttie embodiment sho^ inFigs. Sa and 5b, flie first periodic structure 13 has 
two iiiteriaced grating lines 51, 53. The first intolaced grating lines 51 have a line- 
5 width Li, and the second interlaced grating lines S3 have a line-width I^^ Iheseccmd 
periodic strucfaire 15, as shown in Fig. 5b, has a line-width L3 and is cratered between 
the first interlaced grating lines 51 and the second interiaced grating lines 53. The 
distance between flie ri^t edg^ of the first interiaced gratnig 51 and the adjacent left 
edge of flie second interlaced grating 53 is represented by b» and the distance between 
10 the rigjit edge of the second periodic stnictore 15 and the adjacent left edge of the 
second interlaced gi:ating 53 is rqiresentGd bye. The misregistradion between die first 
layer 31 and Oe second layer 33 is equal to die misr^jsliation e between the first 
periodic structure 13 and the second periodic structure IS.* Themisre^strationais: 



(1) 



15 e =~-^-c 

2 2 



Where c=0, the .resulting periodic structure has the most asymmetric unit cell 
coinposedofa line wifliwidUiofI<r*-L3 and a line with widfliLi^ Where o^t-Ls, the 
resulting periodic structure has the most symmetric unit cell conqiosed of a line widi 
width Li+Lj and a line with widdi I^. For exanq)le, if the two layerft are made of the 
20 same mat^al and L|==L3=L2/2, dien the lines are identical where cpO, while one line 
is twice as wide as the other line where c=b-L3. 

Figi 6 diows an alternative enibodiment of a taiget havixig interiaced grodngs- 
The first poiodic structure 13 is etched silicon, and fte second periodic targ^ 15 is 
resist The first layer 31 of silicon substrate and the second layer* 33 of resist are 
25 sqrarated by an oxide layer 39. 

The mvention also relates to a method ofmaking a target 11. Afirstperiodic 
structure 13 is placed over a first layer 31 of a device 17. A second periodic structure 
15 is placed over a second layer 33 oftbe device 17. The second periodic stnicture 15 
is overiying or interfaced with tihe first .periodic stracture 13. Either the first periodic 
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strncturc 13 or ttie second periodic stnicturc IS txas at least two interiaced grating 
lilies haviiig differeot poiods, line widtts or 

An advantage of intedaoed gratings is the athility to detennine the sign of ttie 
shift of flie misregisttation firai flie symmetry of the intedaced gratings. Figs. 7a gyiH 
S 7b are sdhematic drawings iDnstratiQg negative and positive oveilay a1«<^^ 
respectively, in the X direction of the XY cooidniate system. Center line 61 is the 
center ofa grating 63. When die grating 63 is aUgned perfectly, the catter line 61 is 
aligned with the Y axis oftheXY coordinate syston. As shown m Fig. 7a, a negative 
oVedayshiftisindicatedbytibecenter line 61 being in file negative Xdiie^ As 
10 shown in Fig. 7b, a positive ovetlay shift is indicated by fhe center Ime 6 1 being in die 
. positive X direction. The negative oveilay shift is indicated by a negative mntdber for 
the misregistration, and the po sitive oveilay shift is indicated by a po^tive number for 
the misregistration. Ihe misregistration can be detennined iising the method 
discussed below. In die case of the interlaced gratings, a negative overlay shift resntts 
15 in a more symmetrical unit cell, as where cf=b-L3, discussed above. A positive 
oveilay shift results in a more asymmetrical unit cell, as where Cr=0, discussed above. 

The invention relates to a mefliod to dcfcetmine tnlftnligmnft nt man g rii<fe>^?tH 

. light Fig. 8 is a schematic view showing the difGraction of lig^ fiom a grating 
structure 71. In one embodmient, inddent radiation 73 having an oblique ai^e of 
20 incidence 6 iOuminates die grating stmcture 71. The grating stmctuie 71 diffiacts 
radiation 75, 77, 79. Zero-order diffiaction 7S is at tiie same oblique angle 8 to the 
substrate as tixe incident radiation 73. Negative first-KuderdLGGtaction 77 and positive 
fiist-order difikiction 79 are also diffiactedby the grating structure 71. 

Optical systems fbr detramining misalignment of ovorlying or intfflrlflCffd 
25 periodic sitructuts are illustrated in Figs. 9a, 10a, andlla. Fig. 9a shows an optical 
Sfystem 100 using inddent radiation beam 81 wiA an oblique ang^e of incident and 
d^ectingascro-orderdifGracted radiation 83. A source 102 provides polarized nxddent 
radiation beam 81 to illuminate periodic structures on a wafer 91. The ixiddent 
radistion beam may be substantially monochiomatic or polyctuomatic. The source 
30 102 comprises a lig^ source 101 and optionally a coUimating/ focmag/ polaiizmg 
optical module 103. The stnictures dififoct zeRM>rder difBwted radiation 83. A 
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GbllmiatiQg/ fixmsi^ 

xadiaticm 83, and a li^ ddectioa unit 1 07 detects fhe zoco-oida: difi&acted nidiatiGn 
83 collected by the analyzer m module 105 to provi& Adgnal 
processor 109 detaxmnes any nusafigament between die stmctmea Sam flie 
5 dgnal 85. The onlput signal 85 is used dirccfly to detennine tmgftlipmiff tf {km the 
intensity W the zero-order dififiacted radiation 83. In a prefoxed embodimait» ttie 
TnisaKgiftnent is detennined by conqmiing die intensity with a lefiBrenoe signal, sudi 
as a reference signal fimn a calibration wafer or a database, conopiled as eaqdained 
bdow. hi one emibodiment, the signal processor 109 calcnlstes a deiived signal fiom 
10 ' (he output signal 85 and detennines nusafignment fiom fhe derived «l g na ^ n^e 
derived signal can. include polarization or phase infonnatioa Lifliis embodiment the 
misalignment is detennined by comparing the derived signal wiSi a reference signal* 

In one embodindent, optical system 100 provides ellipsonietric param^er 
values; T^di are used to dative polarization and phase information, la this 
15 embodiment the source 102 includes a li|^ source 101 and a polarizer in mo'dnle 
. 1(B. Addidonally, a device 104 causes relative rotational moti<m between the 
polarizer m module 103 and die analyzer in module 105. Device 104 is well fauywa 
in die art and is not described for Ois teiisQn. The polarization dfdiereflei^U^ is 
measuiedby the analyzer in module 105, and die signal processor 109 calculates the 
20 ellipsometric parameter vahies, tanCIO and cos(AX from fhe polarization of Ibe 
reflected light Hie sigoal processor 109 uses tfie ellipsomdiic parameter vahies to 
. derive pokiization and phase infonnadon. ThephaseisA. The polarization angle a 
is related to tan(T) through die following equation: 

(2) 

The signal processor 109 detennines misalignm^ fiom die polarization or phase 
infoimation» as discussed above. - 

The imaging and focusnig of the optical system 100 in one embodiment is 
verified usmg the vision and pattern recognition system 115. The light source 101 
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provides a beam for imaging and focDsing 87. Thebeam&rimagmgaiui&GUshigS? 
tsxeflectedbybeamqifitler 113 and focused by lem 111 to liiew Thebeam 
87 fiiea is relBeeted bade diroagjb file lens 111 and beam qditter 113 to flie vision and 
pattion zecognition system 115. The vision and pattern lecognition system IIS then 
5 sends a recogaiticxi signid 88 forkeqiing the wafisr m fixms fiir measuDcaneot 'to flie 
signal processor 109. 

Fig. 10a iOustrates an optical syston 1 10 using nomial inddeot radiation beam 
82 and detecting ficst-oxder dififracted radiation 93, 95. A sbnice 202 provides 
polarized inddenl radiation beam 82 to ilhnmnate pedbdic. structures on a wafer 91. 

10 In this enibodiment, the source 202 composes a light source 10l» a polarizer 1 17 and 
lens 111. Ibe stnictozes diffract positive first-order difiB:acted radiation 95 and 
neg^ve first-order diffracted radiation 93. Analyzers 121, 119 collect positive first- 
order> di£fracted itdiadon 95 and .negative first-order diffracted radiation S3, 
respectively. Iig)it detection units 125, 123 detect fiie positive first-imler dififracted 

15 . radiation 95 and the negative first-order diffracted radiation 93, respectively, collected 
by analyzers 121, 1 19, respectively, to provide output signals 85. A signal processor 
109 detemiiries any misalignment between the structures from tfie ou^t signals 85, 
prefioably by coiiq>aiing the output signals 85 to a reference signal. In one 
embodiment, fhie signal processor 109 calculates a derived signal fiom the ou^ut 

20 signals 85. The derived signal is a differential signal between the positive fir^ 

diffracted radiation 95 and the negative first-order dBfifracted radiation 93. The 
diffmntial signal can indicate a differential intensity, a differential polarization ai^e, 
or a differential phase. 

Optical systffln 110 deteonines differential intensity, difierential polarization 
25 angiles, or differential phase. To determine differential phase, optical system 110 in 
one embodiment uses an ellq>5ometric anangemcait con^iising a light source 101, a 
polarizer 117, an analyzer 119 or 121, a ligjht detector 123 or 125, and a device 104 
that causes relative rotational motion betwem the polarizo- 117 and the analyzer 119 
or 121. Device IM is well blown in die ml and is riot described for ^ Hiis 
30 arrangonent provides ellipsometric parameters for positive first-order diffracted 
radiation 95 and ellipsometric parameters for negative first-order diffracted radiation 
93, which are used to derive phase for positive fiist-order diffracted radiation 95 and 
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phase for n^ative fiist-oidK difi&actBd ndutioa 93. tespectively. As discossed 
dx>V6,oiiBoffhedl98Qmetricpanmeteraisa)8(AX Kffeceotial 
phase is calculafed by subtracting Oe phase for flie negative fintHnder diffiacted 
radiation 93 foam Ihe phase for flie positive fiist-«rder diffiai^ 

5 To detomiae diffoeotial polarization angles, in one embodimait, the 

pblarizwH? is fixed for the inadeot radiation beam 82, and tiieanaljoere 121, 119 
are rotated, or vice versa. The polarization angle for the negative fir8t-<aderdi£&acted 
radiation 93 is detemiined from die change in intensity as either the polarizer 1 17 or 
analyzer 119 rotates. The polarization angle for the positive first-orfar diffiacted 
10 radiation 95 is detomined from the change muxtensity as either foe polarizer 117 or 
• andsaer 121 rotates. A difltereotial polarization angle is calculated by sobtiacting the 
polarization angle fi» foe negative fflcst-oider diffiacted radiation 93 fiom foe 
polarizatiiHi angje for flie positive fost-ordet diffiacted ladiation 95. 

To detennine differential jntmaity. inone embodimea^ foe analyzBS 119, 121 
15 an positioned wifoout relative rotation at foe polarization aq^ of foe fitst-onler 
diffiacted radiation 93, 95. Preferably, at foe polarization an^e where foe inteisity of 
foe diffiacted radiation is a majdmmn, foe intensity of foe positive first-oider 
diffiacted radiation 95 and foe intaisity of foe negative first-order diffiacted intensity 
93 is detected by the detectors 125, 123. Differential intensity is calculated by 

20 subtracting foe intensity for the negative firrt-order diffiacted radiation 93 fiom die 
intensity for (he positive first-oider diffiacted radiation 95. 

In anofoer embodiment, die diffetetitial intensity is measuiod as a fodctinn of 
foe inadmt polarization ang}e. In fois embodunent, the polarizer 117 a lotnted, and 
fofe analjizaB 119, 121 are fixed. As foe polarizer 117 rotates, foe mddent 
U polarization ane^ dianges. The intensity of the positive fii8t-<mter diffiacted 
radiiition 95 and foe intensity of foe n^ve fitst-bider diffiacted radiation 93 is 
daamined for differoit mcident polarization angles. Diffinntial intaaalty is 
calculated by subtracting die mtensity for the negative fir8tK)rder difhcted radiation 
93 from flie intensity for foe positive first-order diffiacted radiation 95. 

30 The imaging and focusing of foe optical system 110 in one embodiment is 

verified using die vision and pattern recognition system 115. Ailer incident radiation 
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beam 82 Dhtiniiiates flie wafo 91j a heatx for ima^ng and fi)ciudiig S7 is 
leflected fbrough the lens 111, polarizer 117» and beam qilitteir 113 to tbe vision and 
pattdniec6gD!tioD system 115. Ilie vision and pattsem recognition system 115 fto 
sends aieoogmtioii signal 88 forkeqiing fte wafiear in focus for measmement to flie 
5 signal processor 1Q9. 

Fig. 1 la iUnstiates an optical system 120 ^(1imfostK)rtodifi&^ 
beams 93» 95 are allowed to interfere. The Hg^ source 101, device 104, polarizer 
117, lens 111, and analyzers 119, 121 operate die same way in optical system 120 as 
they do in optical system 110. Device 104 is wdl known in die ait and is not 

10 described for this reason. Once die negative fiist-oidCT di£BractBd radiation 93 and 
positive iSist-order diffiracted radiaticm 95 ate passed diroug^ the analyzers 119, 112, 
respectively, a fiist device causes the positive fiist-oider dif&acted radiation 95 and 
the negative fost-order diffiacted radiation 93 to interfere, in tiiis embodimoit, die 
fii8tderviceconqimsesamnlti-q)eitiire8^^ The 

15 mtdti-apeitnre shutter 131 aUows bodi the negative fiistHmler difB»cted iadtatioii 93 
and die positive fiistHnder diffiacted beam 95 to paas dixoue^ it The flat beam 
splitter 135 combmes die negative first-order diffiacted radiation 93 and die positive 
fiist-order diffiacted radiation 95. In diis embodiment, the minaia 127, 133 change 
foe direction ofdie positive fost-ozder diffiacted radiation 95. A light detection nnit 

20 107 detects foe interference 89 of foe two diffiacted radiation signals to provide 
ou^nt aignals 85. A signal processor 109 detennines any misafignmeatbetwem the 
structures from foe onlpm signals 85» inefenbty by conq>^^ 
a xefoience signal The on^ut signals 85 contain information related to phase 
difierence. 

25 hi one embodiment, phase shift intorjEerometiy is used to determine 

misalignment The phase modulator 129 shifts die phase of positive first-order 
diffiacted radiation 95. This phase shift offoe positive first-order diffiacted radiation 
95 allows foe signal processor 109 to use a sunple algorifom to calculate foe phase 
difG3«ice between foe idiase for the positive first-order diffiacted ladi^ and the 

30 phase fi>r the negative fii8t-ordadi£Bactedndiation 93. 



-14- 



wo 02/084213 



PCTAJSd2/llQ26 



Differential istondty and dififerenftial polsrizotioii angle 

csflon also lie 

detenninediosiQg optical sy^^ ThemuM-^)erturedii]tterl31opotBt^m 
modes, tbe finst mode allows both die poative fiistH)idcr dififiai^ radialioa 95 mtd 
the n^atiye fistK>ider diffiacted ladiation 93 to pass &^oii^ Jn fhia mode^ 

5 dififeieatial ]dhiase is detemim the second mode allowiB odI/ 

tbe positive fiist-onlGr difiSracted ladiatton 95 to. pass tiaoBg^ Li flua mode^ the 
intensi^ and polaiizatidn angle fi>r tixe positive fitst-oider diflB!acled ladSatiaa 95 can 
be d^cxmined, as discussed above. The duid mode allows only flie ne^^ve jSist- 
oider difEcacted radiation 93 to pass fhrough. In tiiis mode, the inieasity and 

10 polarization an;glB for the negative fiist-oider dififtacted radiation 93 can be 
detennined, as discussed above. 

To detemsme dififereotial intnshy. the mnlti-«q[>ertore shutter 131 is operated 
•in fhe second mode to detennine intensity for positive fiist-oider difKacted radiation 
95 and tiien in the third mode to detennine intensity for negative firBt-orrfer diflT«^ 
IS radiation 93, or vide veisa. Hie difTerential intenaiiy « riim «i1niT'>tffff }yy snhtractiqg 
die mt^ity of die negative fixst-order difi&acted radiation 93 fiom Oe intensity of the 
positive first<orda difiBracted radiation 95. The signal processor 109 d^eonmes 
rmsalignnuait fiom file di£ferciitial intensity. 

In one embodimait, flie differential intensity is measured at different incident 
20 polarization angles. The measurements result in a large set of data points, which, 
^99bssi conq>arcd to a refiarcoce signal, provide a hi^ accuracy in tiie detemnned value 
of die noisret^uBtration. 

To detennine differential polarization an^e^ die multi-apertin^ g ^nt ^ e r 131 is 
operated in tiie second mode to detennine pohrization ang^e for positive fii^-oider 

25 dif&acted radiation 95 and dien m die tlurd mode to determine polarization wiei? for 
negative fiist-ordGrdifGbacted radiation 93, or vice versa. The differential polarization 
angle is tten calculated by subtracting die polarization angje of the negative first- 
oidCT diffracted radiation W fiom die pplmMtion jng}e ofj^ firet-order 
dif&acted radiation 95. The signal processor 109 detennines misalignmeat fiom die 

30 differential polarization angle. 
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The imagmg and fixmsing of fte optical system 120 is verified using fiie 
vision aiid pattern leoogmtiQii sjfstem 115 in ttie same way as fte mapn^ and 
focufiingof Aeqplic&l system 110 is iaHg. 10. Li one enibodimeat,flie beam splitter 
113 splits off radiation 89 to lefereaoe lif^ detection nnit 137, vAudi detects 
5 fltidtualians of (lie Ug^ source lOL The le&teoce deteedon unit 137 
conrnnmicates infinmation S6 ooncamng intensily fluctuation of source 101 to the 
signal piocessitig and cosi^uting unit 109. The signal processor 109 nmnalizes the 
ou^ut signal 85 using fluctuation infiaimation 86. 

Optical systems 100, 110, 120 can be integrated widi a deposition instrument 
0 200 to provide an integrated tool, as shown inFigs. 9b, 10b and lib. The depoation 
iiistnmient 200 pn>vides the ovoiying or interlaced periodic strac in 
stq> 301. Optical systems 100» 1 10, 120 obtains nnsalignment infoimation from the 
Wafer 91 in stq) 302. The signal processor409 of optical systems 100, 110, 120 
provides &e misalignment to the deposition tool 200 in step 303. The depoation tool 
5 uses fbt misalignment infotmation to correct £br any misalignment before ptovi^Uig 
. anodio- layer or periodic stmcture on wafo 91in step 301. 

Optical systems 100, 110, 120 are used to detennine. flie misalignment of 
overlying or interlaced poiodic structures. The tource providing polarized mddent 
radiation beam ilhuninates Ifae first periodic structure 13 and the second periodic 

0 structure IS. Dif&acted radiation fiom the illuminated portions of the overlying or 
interlaced periodic structures arc detected to provide an ou^ut agnal 85. The 
misaligrmient between the structures is detomined from the output ingnal 85. In a 
preferred embodimoit, die misalignment is determined by compaing the output 
signal 85 v/ith a refarrace signal, such as a reference signal £bom a cafibrstion ^wafiar 

5 or a database, conopiled as egq)lained below. 

The invention relates to a method finr providipg a database to d^ennine 
misalignment of ovcdying or interlaced periodic structures. The misalignment of 
overlying or interlaced periodic structures and structure parameters, such as tfuckness, 
refiactive index, esctincdon coefiBcioit, or critical dimendon, ate provided to calculate 
0 data related to radiation diGBracted by the structures in response to a beam of radiation. 
The data can include uitensity,polaiizafion angle, or jdiase inform Calculations 
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canbe po&itiied using laaofm cqoatLcms or by a sofiwaie pacb^Ck suc^ as Lanibda 
SW, available from Lambda, UnivezGity of Arizona, Tuscan, Arizraa, or Gaotver SW, 
available fiom Grating Solver Development Oxapmy, P.O* Box 353, Alko, Texas 
75013. Lambda SW uses eigenfimctions appioacb, described in P. Sbemg, R. S* 

5 Stqileman, and P. N. Saiidia, Bxact Eig^nfimcdons tot Square Wave Gratii^: 
Applications to DiffiBcdon and SurfisK^ Fhsmon Calculations^ PbysJtev. B, 2907- 
2916 (1982), or die modal qiproach, described in L. Li, A Modal Atialyris of 
Lamellar Iftffiaction Gratingg in Conical Moundngs, J. Mod. Opt 40, 553-573 
(1993). Gsohr^ SW uses rigoions coiq>led wave analysia, desoibod in M. 6. 

10 Mohaiam and T. K. Gaybrd, Rigorous CoopledrWave Analysis' of Planar-Grating 
DifiBBCtion» J. Opt Soc. Am. 73, 1105-1112 (1983). Hie data is used to constmct a 
datatoe conrelating <fae misalignment and the data. IlwovedayiniscBgjistnBlionof a 
taiget can ifaen be d^ennined by oon^saring die output agaal 85 widi die database. 

Vig^ 12-24 were generated tinoi^ conqniter emulations uang eiifaer die 
IS Lambda SW or die GsolverSW. Figs. 12a and 12b are grq>hicalptot8illa£liatingflie 
€iIlq)son])ebic paiametere obtained usii% an ovedying target of Hg. 2a wifli the optical 
system of Fig. 9a. The calculations were performed using the Lambda SW. The 
overlying target used in the measurement conyrises first periodic structur e 1 3 and the 
second poiodic structure 15 made of resist gratings having 1 |mi dqrfb on a silioon 
2P substrate. The dqith of the first periodic structure 13 and die sec<md periodic 
structure IS is 0.5 (ffii, and die intch is 0.8 lun. The first sdected widfli CDl fizr die 
first periodic structure 1 3 is 0.4 )un, and the second selected widOi CD2 for die second 
periodic structure 15 is 0.2 |un. The incident beam in dus embodiment was TB 
polarized. These target parameters and die overlay xnisregistratian were inputted into 
25 die Lanobda SW to obtain ell^someteric parameter values. Ibe eUqisonietdc 
parameter values were obtained for zero-order diffiacted radiation using an incident 
radiation beam 81 at an ang^e of 25^ to die* wafer sur&ce. The e11q>sometric 
parameters, Tan[¥] and Cos[A]» were plotted as a fimcdon of the wavelengdis in die 
spectral range 230 to 400 nanometers. Theellq)SQmetiicparamrterBaredefiiied as: 

30 
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10 



(3) 

whore Fp and are iIib anoplitnde ntflection coe£Glcieiits for tiie pCIM) and sfJS^ 
polnizstiQiis^ find ' 

(4) 

i^diere add (|^ ace the phases £ot fliB p(TM) and 8(T^ Resultewere 
dbtdined fhr difiisreat valiiies of ovetlay misregistrEitioii dy-di vaiyiag from -15 
xiaiutoetiBA tD ISxianometaram^ The variations fibrlBn[^ and 

GOstA] show secilBitivitir to tfie nuategistratiQn in flie nanoineter scale. To get moxo 
a£3cunite tesiSlts, ficist-^itder difi^ed xadiadcm is detected uamg ncnmal incideDt 
radiation^ as hi Kg$. 13-14. 

Figs. 13 and 14 are graphical pbts iUustrating the differentiBl hAensity 
dbtauned uismg oveflyuig targets of Fig. 2a and an optical system detecting first-oider 

IS di&acted radiation using normal incident radiation. The calculations peifonned 
using Gsolver SW. the first pmodic layer 13 is etdied silicon, while the second 
periodic layer 15 is resist The oveday misregistratiQn and targ^ parameters were 
iiq)Utted into Gsolver SW to obtain the di£ferential intensity in Figs. 13 and 14. Fig. 
13 shows the nornialized differential intensity between die positive 

20 ocder diffiactdd xadiation as a function of overlay misregistrations. The differential 
iDieosity is defined as: 



(5) 



vibsse Rfi is flie intensity of fhe positive fint-onla^ difBracted ladialian and R.i is Oe 
25 intensity of the n^atfvefirBt-oiderdiffiactedndifltiQn. The diffiaent cmves in Fig. 
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13 coire^iid to flie diffecmit inddent polarization asg^ (0*, 50", Gff^ 74% 80*, and 
9(0 of Iheinddentlincariy polarized 1^ The 
pOlarizBtioh angle a is defio^ as: 

(6) 




vrtiere E» is the field cbii^nent perp«idicular to the plane of inddeoce^ whidi for 
nonnal iruadcnce is flic Y conq)onent in the XY cooidinate 
component parallel to the plane of inrideoce, which fi» nonnal inddence is Oe X 
component Polarizadon scans fiom inddent polarization angles of 0** to were 

10 performed to genaate the gr^hical plots in Hgs. 13 and 14. Fig. 14 shows die 
diflFerential intensity as a function of inddeit polarization angle at diflfetent overiay 
misregistiatiQn (-50 nm, -35 nm, -15 nm, 0 nm, 15 mn, 35 nm, and 5Qmn). Fig. 14 
shows tiiiat there is a neutral polarization angle, defined as an inddent polarization 
angle whae the differential intoisity is equal to zero for all oralay miaregistatioiL 

15 Figs. 13 and 14 illustrate the high sensitivity of diJBferential intensity to tibe overlay 
misregistration and the linear behavior of differential inteisity wifli the overiay 
miar^pstration. Th^ also dM3w that flie differentid intaisity u 
misregistration for any polarization angle. Similar graphicd plots w«c obtamed at 
different wavdengflis. Pig. 15 shows tiie mean square enor H^SB") variation with 

20 the overiay misregistration. The MSB exhibits finearity and scoativity of 
approximalely 0.6 per one nanometer overiiiy misregistration. 

Figs. 16 and 17 are graphical plots, using the same target with difierent 
structure parameteiB and flie same optical systen as tiie ones in Pigs. 13 and 14. 
However, flie calculations w^ performed using flie Lambda SW, mstead of foe 
25 Gsolver SW. The kinks or the deviations fiom the mantonidty of the carves at 
ccrtam points m Rgs- 16 and 17 are believed to be due to numerical instabihties 
fiequOTtly known to occur in the use of the Lambda SW. TheovQ-laymisregistraticm 
and foe target paramet«s were ii9)utted into Lambda SW to obtain differential 
polarization angle and differential phase in Pigs. 16 and 17, respecfordy. Fig. 16 
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shows die vaxiatioii of diffirence between iSxt pblaxizadon angles of the positive 
and negative fiist-orto diffiacted ladiation as a function of overlay sdste^stzatbn 
for diflferent incident polarizatian an^es ((T. 5*, 15% 30^, 45**, 6(f, and 9(f). Fig. 17 
shows ttie vaiiatiofi of the difierence between the phase angles of the pc^iive and 
5 n^ative fizst-ordeT diffiacted radiation. The phase an^e hoe lepreseots the phase 
difiBsienciei between the p and s polarized conqKments of the difl&acted Ii|^ 

Figs. 16 and 17 also illustrate die hig^ sasddvity of <£GEeEcn^ polanzation 
angle and diflFciCTtialiAase, respectively, to ttie overlay tmsre^str^on and flie linear 
behavior of diSerBntial polarization angle and differential phase, ici^>ectively, when 

10 plotted against the overlay misregistration. They also show fliat the differential 
polarization aiigle and differentiBl phase is zero at zero overhiy misregistration ^ any 
polarization angle. However, Kg. 17 shows that flie phase difference does not depend 
on incident polaiizaticnL ]b one embodiment, the difference between Ihe polan^ 
angles, ais shown in Fig. 16, is easily measured with an analyzer at the ou^nt, while 

15 &e phase diffeienc^ as shown in Fig. 17, is measured with interfisatmi^^ lhanotfaer 
embodiment, the differential polarization angle and the dififerential phase is derived 
fiom elliipsometiic parameterB. 

Sunilar lesnlts were obtained Using the overiymg targets in Figs. 4a and 4b. 
However, for the paxticular target in Fig. 4a, there was no neutral polariasation angle m 

20 the line on line configorBtion, wfaoe the second periodic structure 15 is centered on 
the first periodic structure 13. The Ime on space configqtatiQn, wfaeie die second 
periodic structure 1 5 is centered on the spaces between die first periodic structole 13, 
did exhibit a naitral polarization angleL These results show that die neutral 
polarization angle q>parent^ has a complicated dependence on die stiuctare 

25 parameters. 

Figs. 18-19 and 21-22 are gnphical plots illustraliQg die intendty of die zero- 
order difGracted radiation 83, as shown m Fig. 9a, for intedaoed gratings, as shown m 
Fig. 6. Table 1 summarizes the parameters used m the calculations by die Gsolver 
SW. 

30 
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15 



Parameter 


Bata76 


DataO 


hi 


SSOrnn 




.li2 


SSOnm 


SSOnm 


]i3 


600 nm 


600 mn 


Pitch (P) 


lOOOnm 


2000 mn 


CDl 


150 nm 


200 mn 


CD2 


300 nm 


600 nm 


CD3 


ISOnm 


200 mn 


incidence angle (9) 


76* 


0 


Azimuth angle Ci) 


0 


0 


Wavelengfliai 


670 mn 


500 mn 



the inindeiice aqgle is 76" in flis D8ta76 
(pomuS) in Qie DataO CQofigimBtioiL 



iBonfignratioi^ and ibe inddence aaj^ is 0* 



Figs. 18-20 were derived using Ihe I>ata76 configaration. Fig. 18 sbam die 
intensity of liuj 2eio-ofiderdif6ac^ overiay miaogistnilion at 

difBasot polarization angles (0" to 90" in steps of 15^. Wifliinaningeof 140nni,die 
cliang» are nionotonic y«h the oveday niisregistnjtio^ The point wUere aU die 
cutveacnwsisatanoveiihqrmitogisttatioovahieofS^ Atan 
overiay miskegistntion vahie of 50 nm. the stnictme is effectively most aymmetric. 
h contrast, in an overiying tai^et as in Fig. 2a, die Blnirture is n»st synn^ 
overlay misregistnition. Fig. 19 shows die dependence of die intensity of die zere- 
order difBscted radiation on die incident polarization angle at different oveday 
niis«#itnitions (-50 nm, -IS nm, 0 nm, 20 nm, 40 nm, 60 nm. 80 mn. 10^ 
130nm). lJUil»wididiedi£iBrentialinteDsityoffliBfiist-orderdif6a^ 
disc is not a neutral polarization angle where die dififeteotiai intensity is zoo &r 
different overlay misregistradoiL However, diere is a quasi-^ieairid polarization angb 
where most of die curves for different misregistiatian cross. Fig. 20 shows.die MSB 
variation as a fimction of overiay misregistiation. Fi^. 18 and 19 aliow die hi^ 
20 sensitivity ofthe intensity ofzcio-orderdifbictodiadiatien to the overiay 

configuration using incident radiation having an obUqoe angle of inddence oh 
mteriaced gratings. They also show the Imear behavior of flie intensity when plotted 
against ttee overlay misregistration. 

Figs. 21-23 wne derived nsiog die DataO configuration. Fig. 21 shows die 
25 intensify of die zeroK>iderdiffiacted radiation ven^ 
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di£Emnt polaiization angles (0°» 40", 6S% and 9(f). Fig. 22 shows the depeodence of 
the intansity of die zero-order difiBracted radiation on flie inddioat polarization anigle al 
difBsrent overlay misiegistiations (-140 nm, -100 nm, -50 nm, 0 nm,, SO nm, and 100 
mn). Hg. 23 diowatiie MSB variation as a function of ovedaymi^ Figs. 
S 21 adl22di0wttKeUijh8en8itivifyoffliBintaisifyofz 

to fliB oveday sign for a configuration vsing nonnal incident radiation on intalaced 
gratings. They also show flie linear bdiavior of tiieinlenntyifvhenplo^ 
overiay inisr^jsttation. 

Figi 24 is a gnpUcal plot generated by tiie Gsolver SW illustrating the . 

10 dgtertninntinn ftf tnififtlignment from the Pfiaitral polarization angle. As shown in Fig. 
14, tiiB differential intensity equals zero miepeDieat of the ovorlay nnsregjistration at 
the neutral polarization angle. Howeva, the slope of the dififereotial intensity varies 
wiOi overlay misregistiHtion. Fig. 24 shows die slope hear tiie ocixtral polarization 
anjgile as a fimction of overlay misregistratioiL Pig. 24 shows linear behavior of the 

15 sl<q>e versus the overlay inisre^stration with a slope of 0.038% per 1 mn overlay 
misregistratioiL An advantage ofthesl(q>6 measurement tedinique is the reduction of 
the number of parameteirs that need to be detennined. Another advantage is the 
decreased polarization scanniiig needed. In Fig. 14» a polarization scan using inddent 
polarization angles from O^ to 90^ is performed la contrast; using tiie slope 

20 measurement techniqiie in one embodiment, the derived signal is compared wi tfi the 
reference signal for polarization angles within about five degrees of tiie neutral 
polarizjitbn ar^e. Thus, the mettiod of detecting wrisaligmnent is fiMter whm uring 
the slcqie measurement techniqueL Another embodiment of the invaition is tiie use of 
the sl(q>e riieasurement technique tiie quasiHieutral polarization an^ 

25 MisaUgdment of ovedying or interlaced periodic structures can be ddsmnned 

usfaig the database in a prefmed embodiment The source providing polarized 
incidcrrt radiation illuminates the first periodic structure 13 and the second periodic 
structure 15. DifGracted radiation fixnn the illuminated portions of ttie ovedying or 
interlaced pododic structures are detected to pmvide an output signal 85. The ou^mt 

30 signal 85 is compared with the database to determine the miffffitgnment^ between the 
overlying or interlaced p^odic structures. 
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Id another eaibodmient, misalignmeDt of overling or mtedaced pedodtc 
sfrudncres is detennhied using tte dopt measuraneot tBcloiiqiifi» A ncutial 
pblarizsticm angle or qildsi-neutcd The dlbived signal 

is cQfnqiaied ynSx flie trference signal near the neiitial polarization angle or tiie goasi*- 
5 neutral {Ndarization angje to diamine misalignment of flie bvcriyiiKg or intedaced 
periodic stnictures. 

Wbile flie invention has be^ described above by reference to various 
embodiments, it will be undOTtood that changes and modifications may be made 
wi&iout dq)arting fiom the scope of flie invaition, ivhich is to be defined only by the 
10 ^jpended claims and flieir equivalent. All leferaices lefetzed to herein are 
incozporated by reference. 
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WHATISCLAIMHDIS! 

1. A taig^ &r measuimg the relative positions between two layers of a 
device^ 8«id targ^ conqxrioDg: 
S a fast penodicstmctuie over a fiist layer of ttie device; 

a second peiiodic structure over a secoiul layer of the device, said 
second peiiodic stnicture overlying or intedaced with said first periodic structure. 

. 2. The tal]g|Bt of clum 1, ^rtierein &b first periodic structliie has a first 
10 selected widdi, and tte second i^odic structure has a second selected widfi]» die 
second sdected width bang less fiian the first sdected width. 

3. The target of clmm 1, wherran said secmid periodic structure extends 
fiirfiicr to an area where said first periodic structure d^ 

15 

4. The target of claim 1 , wherem flie first li^er is etched sificon, and die 
second layer is resist 

5. The target of daim 1» wherein said first periodic slru cl uge has a 
20 tripessoidal shape, the first layer is siHcon dioxide, and Ihe second layer is resist; fiie 

first layer and the second layer being separated by an uni&rm polyrilicon layer. 

6. The target of claim 1, wherein said first periodic structure is tungsten 
and has a concave-tn^ezoidal disped top, the first layer is oxide, and the second layer 

25 is resist, die first layer and die second layer being separated by an ahntmnim blanket 

7. The target of claim 1, further comprising m^attemed semiconductor, 
metal, or dielectric layers deposited or grown on top o^ undemeafii, or b^een die 
first and the second layers. 

30 

8 . The targ^ of claim 1, wherein a layer that is the topmost layer is resist 
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9. Hie target of claim 1, wlierem flie fiist pedodic stmctoie has been 
esqpdsed to radiation jfor pattenungpinposes of a semicQndnctQr wafibr. 

10. The taiget of claim 1, fiofher conqniaing: 
a timd periodic stnictuie that ia subst^^ 

periodic structure said ttmd periodic stnictDie over fte fizst h^ya; and 

a finitth periodic stmctme tihat is sidislantially peipendicalar to aaid 
second poiodic stmcture, said fbuiih periodic strnctme over the second layer and 
overiying or inteaiaced with said fliinl periodic stracture. 

11. 'Hie target ofclainil.viieiein said ficst periodic s^^ 
two intCTlaeed grating Imes having diff^ 

12. The target of claim 1, T^erem said second periodic stiuctore has at 
15 least two mteriaced grating lines having difi^ent periods, line widths or duty q^cles. 

13- Amethod for making a target, comprising: . 

placmg a first periodic structure ovo* a first layer of a device; and 
placing a second periodic structure over a second layer of a device, 
wherein said second periodic structure is overlying or interlaced with said first 
periodic structure. 



20 



14. The method of daim 13, wherem said placing a second periodic 
structure inchides placii^ said second periodic structure on an ^ 

25 periodic structure does not extend. 

15. The meOiod of daim 13, fiirther conqxriaing exposing flie first periodic 
stracture to radiation for patterning purposes of a semiconductor wafer. 

30 16. The method of daim 13, fiirlfaer oonqiristng: 

placing a fiiird periodic structure over flie first layer, Therein said timd 
periodic structure is sobstaafiaHypcrpendicuhar to said first periodic structure; and 
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pladng a finscfh periodic stmcture over fte second layer, ^Aerdn said 
fyttOk periodic stnictme is substantially peipendicular to said second periodic 
stnictote* 

5 17. iniemedioddfGJum 13,^eran8adplaci^ga£tetperio^ 

includes pladng at least two intedaced grating lines having diffeacent periods, line 
widdis or duty cycles. 

18. The method of claim 13, ^eran said pladng a second periodic 
1 0 stmcture includes pladng at least two interlaced grating lines having dififerent periods, 

line widths or duty cycles. 

19. A mdhod for providing a database to deteimine niisaligpment of* 
overlying 6t intedaced periodic structures, comprismg: 

IS providing informatioa related to thidmes^ refractive index, extinction 

coeffident, or critical dimensian, and misaligmneiit of periodic sbfuctdres Oat overiy 
0£ interiace one another 

deriving fix>m said information data rdated to radiation dififracted by 
the structures in response to a beam of xadiarion; and 

20 constructing a datd>asecorrdating the misahgnment and die 

20. The method of daim 19» iaxfibsr conqmsing calculating a difierBOtial 
intensity, a differential phas^ or a differential polarization angle fiom the data. 

25 21. A me&od for detecting misaligoment of overlying or interiaced 

periodic structures, comprising: 

illuminating die overtying or interiaced periodic structures widi 
xnddent radiation; 

detecting diffracted radiation fiom the iUnminated portions of die 
30 overlying or interiaced periodic structures to piovide an ou^ut signal; and 

detennining a misalignment between tiie structures firom die output 

signaL 
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22. The mfitibod of drnm 21, "viAierein said detennixniig insdiides 

23. The method of dsdm 22, \^ereiii flie le&raice signal coitqnises a 
S database. 

24. The m^faod of claiin 21, wfaeieta the output coiitains 
iflfinmatioD xelated to el^sometric paiameteis. 



10 



25. The m^iod of claim 21, wherein overlyiDg or interlated periodic 
stracttizes has at least two interlaced grating lines hav^ 

or duty cycles; the incidoit radiation is incident on the structmes at an oblique angle; 



15 26. The method df claim 21, i^erein ovexlyiiig or interiaced periodic 

stnictiiies has at least two interlaced grating lines having dififerrat periods, line widths 
or duty cycles; the incident radiation is incident on the structures at a normal angle; 
ana the difiBracted radiation conq>rise3 zero-order diffiaotioiL 

20 27. llie inethodofclaim 21. wherein the incident radiation is substa^ 

normal, and the difiEcacted radiation coixq>ri8es positive first-order difEtaction and 
negative fiist-oidGr difi&actioiL 

28. The method of dahn 21, further coiiiprisd^g calcolatu^ a derived 
25 signal from fhe output signal. 

29. The meSiod of daun 28, wherein ttie derived dgnal ccHitahis 
information idaied to irrtenisity, phase, or polarization an^e. 

30 30. . The^mefhod^of claim-^, .wherein ^ derived agnal contams 

mformation related to differential mtensity, dififereolial phase, or differential 
polarization angle. 
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31. The xiieflu)d of claim 28, fbxflier comprising piovidiiig a neatcal 
polarization angle or quasi-neutral polarization angl^ and ixAioein said detemiiiitng a 
misaligumeot includes deteonining a misaUgument by conq>&ring the derived sign^ 
iwiQi flie reference signal near flie neotnl polarization angle or ttie quasi-neutral 

5 polarization angfle. 

32. The method of claim 31, whestem the derived signal is conqMred ivith 
4ie le&raice sign&l for polarization angles wi^ about five degrees of flie neutral 
polarizatiim ang^e or the quasi-neutral polarization an^e. 

10 

33. An apparatus for detectiog misaUgnmeot of overlying or intedaced 
periodic structures, couqxisii^ 

a source providing polarized incident radiatian beam to illuminate the 
ovedying or intedaced periodic structures^ 
15 al least one analyzer coUectingdiffiacted radiation fiom die stni^^ 

at least one detector detecting dif&acted radiation coBected by tte 
analyzer to provide ojOpai signals; and 

a signal processor detemiining any misalignment betweoi the 
structures from the output siguals* 

20 

• 34. The cqjparatus of claim 33, wherein the source provides incident 
radiation beam having an oblique angle of incidence to illuminate Oie overlying or 
interlaced periodic stractures, and the detedor detects zoo-ord^ diffiacdon. 

25 35. The ^paratus of claim 33, wherein the source provides a normal 

incident radiation beam to illuminate the overlying or intedaced periodic stmctnres, 
and die detector detects zero-order diffiaction. 

36. The q>paratus of claim 33, wherein the source includes a polarizer and 
30 adevioe c»[ising rehd^ rotaiional motion between the polarizer and the analyzer. 

37. The qiparatus of claun 33, ixdierein said at least one analyzer 
conqmses a first analyzer collecting positive first-order difEracted radiation and a 
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second analyzisr collecting negative fixBt-oido: difSacted ladiaticHi; and said at least 
one detector con^rises a first detector detectiiig posith^ ficst-oider diffiacted 
Tadiation» and a second detector detecting negative fiist-bider difiS»cted ladiaiion. 

5 38. The BppsisiiQs of pbdm 37» vtdioein flie signal piocessor enVmiiitpy a 

derived signal fiiun flieou^t signals. 

39. The qipaiatus of claim 38» wheidn flie derived mgnal contains 
mfi»niatu>n related to a diffiraitial intensity, a difiereotial phases or a dififereotial 

10 polarization angle. 

40. Tbeq»paratusofclaini38» wheimtliesoniceiiKslodesapolari 

a device causing relative rotational motion between die polarizer and the analyzeoB. 

15 41. The q]iparatu8 of claim 40, wherein the derived signal contains 

ixifbnnatidn related to a difierential polarization angle or aphase diflGatence derived 
from elUpsometric parametera. 

42. An qsparatus fat detecting nusaligameot of overlyiiig or interlaced 
20 periodic structures, comprising: 

a source providing polarized incident radiation beam to illuminate the 
overiying or interiaced periodic structures; 

two analyzers collecting first-oider difKnctcd radiation from the 
structures^ the first-order difftacted radiation con^rising a positive first-order 
25 difBraction and a negative fiist-Qiderdiffiaction; 

a first device interfering the positive first-order dififiaction and Ate 
negative first order diffiaction fiom the analyzeis to provide a combined diffiacted 
radiation signal; 

a deteetXHT detectmg file combmed difilacted radiation signal to inc^^ 
30 output signals; and - - 

a signal processor determining any misalignmeiit between the 
stnictuies fiom the output signals. - 
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43. The ^paratus of claim 42, herein &e output mgasl contams 
infoimadoQ lelated to phase difference between the positive fiist-oider diGGractiQii and 
* fiiie negative jBrst-<>nlerdifiGEBctioa. 

S 44. An qqparatus for making overlying or intedaced periodic stnictuies 

and detecting misaligriment between the overlying or interlaced poiodic a t r u c iure s, 

a dq[iostion instrament to provide the ovedying or intedaced periodic 

structures; 

10 a source pn>vidiiv polarized incident ndiation beam to 

overiying or intedaced periodic structures; 

at least one ana^zer collecting diffiacted xadiali 
at least one detector detecting diCBscted i^adiation collected by die 
analyzer to provide oulpitt signal^ and 
IS a signal processor detenninixig any misaligpmeot between die 

stnictores fiom ttie ovt^nit signals and providing the misaligoinsnt tb the dq>osidon 
instm&ieQt. 

45. The qppaiatQs of claim 44, wherein ibs source provides an incident 
20 radiation beam having an oblique angle of mcidence to illinninale the overlying or 

intedaced periodic sfructures; and tihe detector detects zen>-oider difi&actton. 

46. The apparatus of claim 44, wherein die source provides a normal 
itiddesKit radiation beam to illuminate the overlying or interlaced periodic structures, 

25 and the detector delects zero<<mlerdifiBnction. 

47. The apparatOB of claim 44, wherein the source indudes a polarizer and 
a device causing relative rotational motion between the polarizer and the analy^ 

3Q 48i--- - -The apparatus of claim 44, wherein said at least one analyzer 

comprises a first analyzer collecting positive first-order difi&acted radiation and a 
second analyzer collecting negative first-ord^ difEracted radiation; and said at least 
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one detector ocHnposes a fiist detector detecting positive fint-ocda diffiacted 
iadi8iti(H], and a i^econd defector detecti]^ 

49. Tlie apparatus of claim 48, wherein fee signal 
S denvedsigDidfiQm the ou^nit signals. 

50. Ihe qiparatos of claim 49, ^eran the derived signal contams 
mfinmatiittn related to a diffisrential mtensily, a differential phase, or a difierential 
polaxizaiion angle. 

10 

51. The appttatus of ckom 49. iKdierran the source mclndes a polarizer and 
adeviceciuising relative rotatianal motion between 

52. Thfe qqparatiis of claim 51, wherdn fhe derived signal contams 
15 infonnatian related to a differential polarization ai^e oraphase difiesencd derived 

fioni ellipsiranetric paintn^Gca; 

53. An apparatus for maldng overlying or interlaced periodic structures 
and detecting misalignment between flie overljdng or interlaced periodic structures, 

20 comprisii^: 

a deposition instnnncnt to provide the overiying or I'^rterlaced periodic 

structures; 

a source providing polarized incident radiation beam to illummate flie 
cfverl3ing or interlaced periodic structures; 
25 two analyzes coUecting first-order difibacted radiation fiom fixe 

structures, the first-order diffiacted radiation comprising a positive first^rdcr 
difiBraction and anegative fiist-Knder diffractiol^ 

a first device hiterfering fiie positive first-order diflGraction and the 
n^ve first order difB:action fixmi the analyzers to imvide a combmed difi&acted 
30 radiaticm sigiial; 

a detector detecting fiie combined difiG:acted radiation signal to provide 
ou^ut signals; and 
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a sigdal processor detenmniog any misaligiiment between the 
sttoctdies frdtn &e outpni signals and piovidu]^ tfie ixdsaHgEnneot to the dqnisitioii 
instnimeDt 

S 54. the i^paiatas of claim S3» wheran tiie. output agpal contains 

infonnation related to phase difference between tbe positive fimt-order difi^action and 
file negative fiist-onier difi&actioiL 
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